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1< Field nr l-he Tmrftji t- ^ (^r. 

The present invention relates to an ink set for which the 
phenomenon of the colors of a printed article (color rscorcieri imagft) 
differing according to the light source used when viewiag Lhe 
printed article (metaneri^m) has been reduced. Moreover/ specific 
embodiments of the present invention relate to ink: sets tor which 
printing fstahility end light-fastness are also good. 

2. DeSt;r.1pl lou of Uia RHlalari Rrt- 

v/;3r1 OILS ink- spt.s tor forming vivid, high-quality color images 
have been developed in LUi; ptiijl,. 

In Japancec Patent Application Laid-open No. Illl 220000, an 
ink set tor inJc jet recording that i.*5 ijspd t-ogether with an ink 
jet recording dpij«ij.dLus aiid a recording medium and contains a yellow 
ink^ a magenta ink and a cyan ink is propoocd, wherein each of the 
xnks contains at loast specified kind of pigment that has an 
average p**j.Lit:le diaaitiLer within a specified rang-e and whose 
content in the ink ia within a specified range, a dispersant whose 
content relative to the pigment content is within a specified range, 
ai:d a water-based solvent. 
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Moreotrer, in Japanese Patent Applicarion Laid-open No. 
HlO-120956, ink sets for ink jet recording comp-rising a cyan Ink, 
a magenta ink &nd a yellow ink are proposed, for exdmple aa Ink 
set in which is used a combination of C.I. pigment blue 60, 22, 
64 or 21 and C.I. pigttienc blue 15:3 as the cyan Ink, and an ink 
set In which are combined this cyan ink/ d, yellow ink cyuLainiuq 
CI. pigment yellow 109 and C.I. pigment yellow 110, and q riiagenta 
ink containing c.l. pigment red 122 or C.I. pigment red ?.oq. 

However/ with these previously proposed ink sets, a prinLedl 
article (color recorded image) produced by printing on a tocording 
medium such as paper differs in color according to ditrerenr.fis ln 
the light courcc {fluorescent lamp, incandescent lamp/ sunlight 
fttn. ) - That- 1 a phenomenon (metamerism) occurs in which the colors 
of d printed article when the printed article is viewed using one 
light source arc different to when the printed article is viewed 
u.s'ng rinnthPir light source. In general, metamerism refers to the 
phenomenon iu wkiuU two colors having different spectral 
distributions appear to bo the aame color as one another linder 
certain iiiummation conditions n-^ thp like, but appear to be 
differ «ut uolwxs* lo one anoLher when the illumination conditions 
or the like are changed. Here, illumination conditions or the like' 
includfts not only th<? i.l luiaination conditions themselves, but also 
the tfeuiipetaLure ol Lhe light, and the characteristics of the color 
vision of the viewer. Such metameriam is used in the evaluation 
of Lighting and object colors, but metamerism with industrial 
products is often a problem in teroas of color matching. 
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It is thus an object of the present invention to provide an 
ink seL LhaL uses excellent plgiaents such as those mentioned above 
but for which naetaiftetism is reduced. 

The present inventors carried out assiduouo otudico, and as 
a result dlscoversd that, in rhe case or an inJc set compriRing h 
yellov? ink, a magenta, ink and a cyem ink/ thti dLove object can be 
nbhaxned if reflected light from, an output color produced by color 
mixing through ink jet output has certain specitied spectral 
charactoriejtico . 

BaKftd nn this discovery, the present invention provides an 
ink set coiupiisiuq a yellow ink, a magenta ink and a cyan ink, 
wherein, when color mining- ia carried out through ink jet output 
of rhe inks in thp. ink s<?t such that the output color under a D50 
light source is such Uidi, the apatial coordinates (L*,a*/b*) 
stipulated by tho CIE arc <SO,0,0>, the difference between the 
maximum value and the minimum va i ue of fho rpf l ectance of the output 
color over a liyUL awurce wavelength range of 400 to 700nm is not 
more than 20%. 

Moreover, thft present i.nvention provides an ink set as above, 
wherein the ytillQw ink is such Lhat the output color thereof througli 
ink jot output hao a reflectance of not more than 50% under a D50 
light source at a light source wavelength of 50Dn«i. 

Moreover, the present invention provides an ink set as abovpi. 



wherein thft llrtw i-nV •i.s such that the output color thereof through 
ink, let output has a reilectance in a range or i>i> -o 80% undar a 

DSO light oource at a light source wavelength of G40inni. 

Moreover, the present invention provides an. ink set as abovo/ 
vih«rfi«iu Lbe yellow ink contains a yellow pigment as a colorant. 

Moreover/ the present inventipn provicles AXi iiik. set ei» above^ 
Wherein the yellow pigment is C.l. pigment yellow 110. 

Moreover, the present invention provides an. ink set as abovft, 
wherein the magenta ink contains C.I. pigment red 122 <sjiU/oi: C.I. 
pigWBnt rp<i ?n?, and the cyan ink contains C.I, pigment blue 1Sj3 
aiiU/or C.I. picpaent hlue 15:4. 

Moreover, the pjrcocnt invention provides an ink set as above, 
Wherein each of the ypllow ink, the magenta ink and the cyan ink 
(contains a piqmeaL d coloraiiL, and a blocK copolymer (I) as 
desscribed below as a dispcroant for dispersing the pigment. 

llie block r.npnlympr (T) has an AB, J\BA or ABC structure, 
wherein: 

block A is hydrophilic; 

block u is hydrophobics and c:onta1n.s at least 30wt% based on 
the total weight of block B a iiou-acrylic monomer selected from 
the group consisting of; 

(ij molecu.'es having thp general f omnia CHj=CH-R, where R 
i$ a C,! to Cfo optionally subsLlLuLed alkyl group/ aryl groi«)/ 
aralkyl group or alkaryl group, 

(?.) *nn1ecu,^es having the general fomcula CH^sCB-OR^, whoro 
is a C, lo C,n optionally substituted alkyl group, aryl group. 



araiJcyl group nr alTcaryl. group, 

(3) molecules havinef the general tormuia CHa=<:H-o-C(0)RS 
where io ac in (2) above/ and 

(4.) jaolecules having the general formxila CHj^CH-NR^R^, where 
diiu 54i*e eadi independently H or a Cg to C'a, optionally 
oiabctituted alkyl group, aryl group, a.ralkyl gioup oj. dlkaiyl group, 
vjith the condition that R* and R* are not both H/ iand 

block c can be freely chosen. 

Moreavetr, the present invention provides dU ink aal da above, 
whftrflin pach of the yellow ink, the magenta ink and the cyan ink 
contains a 1, z-alkanedlol . 

Moreover, tho proocnt invention provides an ink «et as above, 
turtiier r.oriiprlslng a green .ink. 

Moreovei;, the pi.«aexj.L invention provides an ink set as above, 
wherein the groon ink containa a green pigment as a coloramt. 

Moreover, r.hPi prfiRpnf invention provides an ink set as above, 
wherein the green pigmeuL cumprisas C.I, pigment green 7 and/or 
C.I. pigment green 36. 

Moreover, the present invention prnvidpR an Ink set as above, 
further comprising d bl«n;k IwX. 

Moreover, the present invention provides on ink set as above, 
lurtner camprtsing a light magenta ink and a light cyan ink. 

Moreovei , the preaeuL invention provides an Ink set as above, 
further comprising a black ink, a light magenta ink and a light 
cyan Ink, whiarei.n each of the black ink, the light magenta ink and 
the liyhL cyan ink contains a pigrtLent as a colorant, and a biock 



copolymer U) as cleRr.rib«»d bRlow tifi a di sspersant for dispersing 
LUe piyiiiyiiL.. 

Tho block copolymer (I) hao an AB, ABA or ADC structure, 
whftre'i'n: 

block A. is liydxuplulic; 

block B io hydrophobic and contains at least 30wt^ baseid ow 
thp tota I weight of block B of a non-acrylic monomer selected from 
Lha yxyup coxisia Ling of: 

(1) molecules having the creneral formula CIl2=CH-R, where R 
is a Cc to nption?iny snbst.i tnted alkyl group, aryl group, 
ctrdlkyl yxoufj ox alkaryl qroup, 

(2) molecules having the general formula CHj-CH-OR^, v^here 
H- is a Cs to Cao optionally substi tnt-ftri ;i^7kyl grovp^ aryl group, 
aralkyl group or alke.ryl group, 

{3) HLOlecules having the general foirm-qla CHj-CH-O-C ( 0 ) , 
Where Is as in (2) at)ove> and 

(4) molecules having the general formula CH;,-CH-Nr'r^^ wliere 
B.* and are each independently H or a to Cj^ optionally 
substituted alKyi group, aryl group, aralkyl group or alJcaryl group, 
with the condition that ajsd R" are nut buLh and 
block C can be freely chosen. 

noreover, the present invention provides an ink set as above, 
wherein each of the black ink, the light uwqenlci ixik and the light 
cyan ink contains a 1,2-alkanodiol . 

Moreover, theprftsesnt invention provides a recording method, 
comprising tli« alap o£ luxjiuinq an imaqe on a recording medium using 
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an l&Jc set as aticvR. 

Moreover/ Lhe present invention provides a recorded article, 
compricing a recording racdium having an image formed thereon using 
an Inic sst- as above, 

B^TKF DESC RirTION OF TTTi^ DRAWT^fG3 

rig. 1 is a graph showing spectral characteristics 
(rclotionohip between light source wavelength and reflectance) of 
retlentftd light for a gray scale image formed -using the ink set 
of Excuuplfi 1; 

Fig. 2 is a graph showing spectral characteriatics 
(relationship hetween light sonrr.A wavelength and reflectance) of 
reflected light for a qray scale iu-ams £omeU UBlng the ink set 
of Comparative Example 1; 

Fig, 3 is a graph showing spp.r.trsi characteristics 
(relationship between light source wavelewyLh ^iid rellec Lance) of 
reflected light for imsges formed using oaoh of the inka in the 
ink set o£ Exaiaple 1; 

Fig. 4 is a greph showing sspeuLial ^lariAcLerisLlcs 
(rslationship between light source wavelength and rof loctoncc ) of 
reflected light tor amages tormftri usir^g Rach of the inks in the 
ink set of Coinparative Exdoaple 1/ 

Fig. 5 is a graph showing opcctral characterigtica 
(relationship hetwAftn light sowrce wavelength and reflectance) of 
reflected light fox* a qray scale image formed using the ink set 
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Of Example b; 

Fiy. 6 is a graph showlncj spectral characteristics 
{relaticnohip between light oource wavelength and reflectance) of 
rfttlfir.ffid light- for a gray scale image formed using the ink set 
of Bxdoaple 6/ ax^d 

Fig, 7 ic a graph showing spectral characteristics 
Ire Lationship faetween light source wavelength and reflectance) of 
ifciilecltjd liqhL for a qray scale image formed using the ink set. 
of Comparative Example 2. 

tsisi: 

m 

'II PSSCRTPTTOW OF rfW, PRE?ERRF.rj F;^>TRrmTWKT<rr.c; 

ni 

m 

i'oilowing is a deta1 led desnription of the present invention 
in terms of preferred embodiEwaiita Lheteui:. 

present invention is an ink set comprioing a yellow ink, 
S! ^ xaagenra Ink and a cyan ink, wherftin, wtiRn r.n i or mixing is carried 
ill out through ink jet output of the inks iu Lh** ink set auch thai 

the output color under a DSO light sourco io such that the opati^il S 
coordinates (L*,a*,b*) stipulated by the CIE are (bO,0^0), i-hn 
difference between the maxiraum value <ind Lhe MunlKium value of the 
reflectance of the output color over a light source wavelength range 
of 400 to 700nm is not more than 

By adopting such a constitution, Llm pliejijioiaeiion o £ metamerism 
{light source dependence) , in which, when a color image is printed 
using the ink set, thft nolnrs nf the resulting printed article when 
the piintud drLlcle is viewed usinq one llqht source are different 
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to when the printed article is vlftwftd ii.«iiT>g another light source. 

If the dlffoarcnce between the mxitaum value &nd the minimiim 
value ot thft rftf I fir.tsnr.e of the output color ovi^r the light sourcg 
waveleusfth range of 400 Lo lOOum exceeds 20%/ then metdnierlsai cannot 
bo sufficiently reduced. 

Nntj? that throughout this specification, '^output color' 
leffcjis, loi eatcuuple, Lo Lhe color of an image formed by outputting 
onto a recording xacdium or the like, and includes not only the case 
or the output color prorinrfiri when color mixing is carried out 
through outipuL. ul a conibiiiaLlon or inks in the ink set as described 
above, but also the case of the output color produced when a single 
ink in the ink set is outputtert. 

1 1 is preferable for the di f f er euce ba Lwe«iii Lhe jaiaxlmum val ub 
and the aiiniiaum value of the reflectance of the output color to 
be not more than 15%, since metamerisra can rtip.n hR rpidnred further. 

The color such that the spatial coordinateii (L*,a*,b*) 
stipulated by the CIE are (50,0,0) is producodr for cxobipIc, by 
carrying out ink :1et output onto a recording medium or the like 
using a ncrroal ink jet printer or the like, witli uului mixing beinq 
OBrri ed out in which all of the inks in an ink set comprising a 
yellow ink, a znagenta ink and a cyan ink are mivRd together in 
suitable proportions. 

The ink set of the present invention is made to be auch that 
the reflected light under a spp.ni f i P.d 1 i ght source from the output 
color produced by »uc]i color wixiuq has specified spectral 



characieriatics, and as a r«.snlt mfsfamerlsiji of color recorded 
iiuayes ia leduced. Specifically, the InK set of the present 
iavention ie made to be ouch that, When the output color under a 
DbO light smirr.P i m such that the spatial coordinates <L*,a*,b*) 
stipulated by Lhti CIE (Coxiuuission Internationale de I'Eclalrage 
- International Commioaion on Illuxftination) are (50,0,0), the 
r«»r I ectance of the output color over a light source wavelength rango 
oi 400 Lu 700IHU is within the above-mentioned range. 
{Yellow inJs) 

Ar.corriing to a prpfprred form of the present invention, the 
yellow ink ly ifuch LhaL when a yellow Image Is ronned through ink 
jet output of the yellow ink, the reflectance of the yellow iaiage 
under a USU light source ia not- morR than Bn% at a light source 
wavelength of SOOma, and is in a Ldiimi yl 55% to 80% at a light 
spxirce wavQlangth of S40nm. By using such a yellow ink, met saner ism 
reduction can be improved, in parr.i r.n l ar, hy usiog a yellow ink 
such that the reflectance of the yellow iiuctye under a D50 light 
source is xxot more than 30% at a light source wavelength of SOOnta, 
and Is in a range of 60% to 75% at a light source wave length of 
540m, metamerism reduction can be y«L foxUier improved. 

Note that the conditions when forming the yollow imago arc 
normal conditions, ror example the yellow i-nage is formed by 
outputting the yellow ink onto <4 reuoidiaq mediufli or the like 
through ink jet output using a normal ink jet printer or the like. 

The yei iow 1 nk that i .s such that the reflectance of the yellow 
image is not mure Uiau 50% at a light source wavelength of soonm 
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and is in a range of h.Sli fn fiO% at a light source wavelength of 
540iiai ttB Ueacrlbed above preferably contains a yellow pigment as 
a colorant, but way alternatively contain a yellow dye. 

Tn particular, it is preferable for the yellow ink to contain 
CI, pigment yyllow 110 as Lhe vellow pigment. 

Moreover/ in addition to the yellow pigment, the yellow iiik 
preterataly contains water. Pigments are generally insoluble in 
wattjr, and hence when adding a pigment to a water-based ink, a 
dioperoant auch as a reain is also mixed into the ink, thus bLably 
dispersing thp. pigmpnt in the wat^r. 

Polluwijiq Is a detailed description for the case that a 
pigment is used. 

ay suitably seler.tl ng tho. i-ypt? and particle diameter of the 
pigment, the type of resin UiS«d, Lbe dlspertsion means and so on, 
the pigment can be dispersed etably in the water-based ink. 

The amount of the pigment adclpri to the ink may be selected 
as appropriate from a range such th<at iiuayes having good hues can 
ba realized, and also good light-faetncoo and water resistance can 
be obtained; it is preferable, for exainpie, tor this amonnt to be 
10wt% or less. 

It is preferable for the picpuent to bo added to the ink in 
the form of a pigment dispersion obtai tipH by di spersing the pigment 
in a water-based solvent lasiuq a OlbpexaanL or a surfactant. As 
a preferable dispersant, a disporoant that La commonly used in the 
preparation ot pigmp.nt dispersions, for exanple a macromolecular 
dispersant, ceui be used. 
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An axaniplft of a p^^i-ticularly preferable dispersant for 
dAspersinq the picpaent is a block copolymer (i) having an Ab, ABA 
or ABC structure. Uo© of tsuch a block copolymer (I) is preferable 
in fflrms of .it being possible to obtain good printing stability 
and liyUL-r<iaLueBs. The block copolymer (I) is tne dispersant 
diocloced in Japanese Tatent Application Laid-open Wo . Hll-269418. 

In the AB, J\SA ox ABC structure of the block ccpolv^nor (I) , 
block A lb hydrophilic/ block B is hydrophobic and contains at least 
30wt% baoed on the toteil weight of block B of a non-acrylic monuxuei. 
seientftfl from the» group consisting of (1) to (4) below, and block 
c vuii be freely chosen. 

(1) Molecules having the general fomnula ClIj-CII R, where R 
is a to Cjo substl tntftd or nn.suhsti.tuted alkyl group, aryl group, 
aralkyl group or alkaryl ^jxouu; hexe, ^subaLiluLed'' means that the 
alkyl group, aryl group, aralkyl group or alkaryl group con-ains 
one or more sulasT-iruenrs rh«t- tin no1- hamper the polytaerization 
process; such substituents include, foi exauiiple, hydroxy groups, 
amino groups, ester groups, acid groupo, ocyloxy groups, amide 
groups, nltrile groups, halogen atoms, haloalkyi groups andalVovy 
yroaps. Specific examples or CH3=ch-k include styrene, a- 
methylstyrene, vinylnaphthalane, vinyl cyclohoxano, vinyitolueae, 
vinylanisole, vinylbiphenyl , and vi nyl -?-norbornene . 

(2) Molecules havinii the geueral forjiula CH3=CB-0R^ where 
R-' is a c, to Cj, substitutod or unoubotituted alkyl group, aryl 
group, aralkyl gt-onp or alkaryl group; here, the meaning of 
^subsLlLuUed' la as in (i) above, specific exainples of CHa=CH- 
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OK* include vinyl n-prr>pylpfhpr, vinyl t-butyleth.er, vinyl decyl 
eLliyr, vixiyl isooctyl ether, vinyl octadecyl ether/' and vinyl 
phenyl other. 

(3) Mol»?cviles having the general formiala CH.=CH-0-C (0) R^, 
where b} ia da in (Z) above. Specific examples of CH2=CH-0-C (0}f<^ 
include vinyl propionate, vinyl but yrate, vinyl n-decanoater vinyl 
stearate, vinyl laurate, and vinyl benzoate. 

(4) Molecules having the general formula cHs=c;±i-NR'r% where 
R'* and r' arc each independently 11 or & Cj to Cj, substituted oi 
unsubati tutftd p^lTcyl gronp, aryl groups aralkyl group or alkaryl 
yxuup/ wiUU Liie condition that B.^ and are not both h; here, the 
meaning of ^substituted^ id as in (1} above. Specific examples of 
CH2=«CJJ~i5JK*K^ include N-vinyl r-.arhas'.nl e and vinyl phthalimide- 

In the above block copulymei Uaviny an KB, ABA or ABC 
structure, each of the letters B and C rcprcoenta a block of 
the copolymer, jpifferenr lar.rftr.s ■t-hn«; represent blacks having a 
different monomer composition/ whereaa two liiyLaxices o£ Lhe same 
letter represent blocks having the same monoiacr composition- An 
AB block copolymer is thus a diblocK that contains t-.wn diffRrRnt 
blocks; an ADA block copolymer cunL<aijj,i> Uuee blocks, but there 
ara only two different types of block {i.e. the two blocks a arc 
the same) ; an AiiC blocJc copolymftr also nnntains three blocks, but 
all three blocks are different Lo one anoLher, 

Moreover, in the above structure, regardless of which block 
copolymer if; usftri, blnr.k R i.s hydrophobic and is thus capable of 
bonding- to Lh<d wloraiiL. Moreover, blocJc h Is hydrophilic aad is 
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thus soiiih I fi 1 n f.hR aqtipons veh.i cle . In the case of an JiBA structure 
ox- an ABC structure, the third block (the second block A or the 
block c) io UGcd for fine adjustaaernT: of the balance between the 
hyrirophohic and hydrophilic properties of thd tx>lyni©r. The third 
block jugiy ihua be a hydrophilic block (the case JiBA) , or may have 
a compooition different to either the block A or the block B (the 
case ABC) . Note that ^aqueous vehicle' here generally roforss to 
water and water-soluble organic solvents- 

The hydrophobic block must be sufficiently large so thsiL 
^ efffsnfiVR hnnding to the surface of the pigment takes place. The 

Q liuuibex- average molecular weiqhi: of this block is thus at least i'JU, 

€1 

111 preferably at least 500 . Tho hydrophilic blockmust be sufficiently 

Q large so as to bring abrtiit a 3-n stabilization mechanism and an 
electrostatic stabilizdtiuii meclirtnlsjw lor producing stable 
dispersion. It is also proferablo for the balance to be maintained 
SI between the size of rhf? hyrtrophi Mc hlock- and the size o-f= the 
hydrophobic block such that the polymei as d whole is soluble in 
the aqueous vehicle. 

The hydrophobic block may also contain other ftthyl^nir: 
Unsaturated monomers/ i.e, acrylit; mouumexa . Speclllc examples of 
such monomers include to esters of acrylic acid or mcrhocrylic 
acid, for exan^jle methyl ar.rylate, nthyl acrylate, n-butyl 
acrylate, 2-ethylhexyl aciyldLe, meUjYl meLhacrylate, ethyl 
methacrylate, n-butyl mothacrylatc, t-butyl methacrylate, 2- 
ethylhftxyl methAr.rylatP, cyc.lohexyl methacrylate and so on. 
The hydropUllic block car. be prepared rrom ethylenic 
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unsaturated monoirprfi. This hydropbilic block must be solvdale in 
Lbe selected acfueou3 vehicle, and may thus contain up zo iUUWt*, 
preferably at Icaor 50wt%r of an ionizable monomer based on the 
fntal weight of the hydropbilic block. Th© selection of the 
ionizcible inuwyxuer depends on the desired, ionic properties of the. 
ink, correoponding to the selected use. In the case of an anionic 
block copolymer dispersant, such ionisable monomers aro mainly 
luouomers containinq an acid group or an acid precursor group. 
Specific exemrples of useful monomers include acr-yXlc acid/ 
methanryl i r ar.io, crotonic acid, itaconic acid, Itaconic acid 
uiouoetJlers, malelc acid, maleic acid monoesters, fumaric acid and 
fumaric add monoesters. 

In the c.asfi ot a caMnnir: blocV. copolymer dlspersant, 
preferable ionic monomers Ixi Lbe bydiophillc part are amine- 
cpntaining monomers . The amino groupo may be primary, secondary 
or tertiary amine groups, ar a Tnixt-nrp thereof. .Specific examples 
of amine-containir-g monomers include H,N-aiJneUiylaittinoeLhyl 
aerylate, N, N-dimethylaminoothyl methacrylatc, N,IT- 
dletJayiaminoethyl netbacrylate, t-JDutyl amino ethyl wethrinrylaf-P, 
2-N-aorpholinoethyl aerylate, 2-N-iuojLpUoliiiottLhvl methacrylate, 
4-aminostyrene, 2-vinylpyridine and vlnylimidaaolc. 

it is also possible to n#?ft Turn-'sonic hydrophilic monomers 
or water-soluble monomeia <ts appiopAlate, thus finely adjusting 
the hydrophobic/hydrophilic balance, and hence adjusting the 
dissolution propprtips of the block copolymer. Such non-ionic 
liyax.upUiii,c ttioxiojttiers or water-solutole monomers can easily be 
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copoiyraerized into the faydrophohin b Ionic or the hydror>hilic block, 
or iiiLo d sepiiriite Lhird block such as block C of an abc block 
copolymer, thus achieving the dcoircd effects. Vseful specific 
examples nt sunh nrtn-innir. hydrophi lie monomers or water-soluble 
inonomers include alkyi dcxylaLes cuid alkyl methacrylates having 
Ci to Cja slkyl groupo, for exaiaple methyl acrylate, methyl 
TOprhacryiate, eth.yl acrylate, ethyl methacrylate, butyl acrylate 
and butyl mfciLhaci-ylaLe, and also acrylamtde and methacrylamide. 

Tho block copolymer uced as a dispersant in the present 
Invention can be mannfantnrftd RfficientTy by using a macroroonomer 
as eoi. inteiiuttdiaLe cuiditiakinq a plurality of blocks simultaneously 
and continuously, A macromononier that has a polymcrizable dooAble 
bond at an end thereoi and will ber.oTne onp nf rhp blocks of the 
block copolymer ia first prepared. This is tUtin copolyiwerizied with 
a monomer selected for use as the second block. In. the cooc of an 
RBA or ABC trlblock copolymer, it is prefRrabifi ^o R+-art wi.th. the 
oyntheois of the hydrophilic macromonomer as tli& fiiaL blyt:k. in 
the case of an block copolymer, synthesis of either the 
hydrophobic macrordonojaer or the hydrophilic macromonomer is an 
effective first step. The macromonomej: is be&t pmpared uainq a 
frpp radical polymerization method, preferably using a catalytic 
Chain transfer agent or an organic chaxn transfAi- «gpnfr to make 
chain transfer possible/ a cobalt (II) or coball (III) cojinplex can 
be used as a catalytic chain transfer agent. The organic «shain 
transfer agents include ailyi snlfidos, allyl bromides and 
methacrylate oligomers hciviuy vluyl Lerioinal groups, including 
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dimers, a-m«thylstyreii© diners and related cowpouads thereof. 

Mureovexv Lhe block copolymer can toe synrliesized via a 
nacromonomor as discloocd in International Patent Application 
Laid-opftn No. WOqfiyifilST (Jxme 1996) . A block copolymer useful in 
the present invention has u weiqhL average molecular weight of 
approximately 1,000 to 50,000/ preferebly 2,000 to 20/000. 

An tolocJc copolymer prepared by the above method has a 
polj/iueiizabie double bond at an end thereof, and hence an aba or 
2\BC bloc3c copolymer can be foinned via conventional free radical 
polymerization in th«=? sbovp -mptTiod by further polymerizing with 
anotl'it;;! uiuiiuiuei. tjruup. 

Many commonly used organic soivcnto can be uocd ao the 
polymerization medium when preparl ng hnth thf» iDacromonomer and the 
block copolymer. Examples include/ but die not limi Led Lo, alcohols 
such as methanol/ ethanol, n-propanol, and iaapropanol, ketones 
such as acetone, butanone, pencanone and hRXannnp., tptrahydrcfxiran, 
diethyl ether, ethers such as ethylene glycol iuoi:o<ilk.yl eLhera, 
ethylene glycol dialkyl ethers, polyethylene glycol xoonoaikyl 
ethers and polyethylene glycol dialkyl echers, tor example thft 
commonly available Cellosolve and Carbitol, alkyl sslera of aL-stic 
aci.d, propionic acid and butyric acid, glycols such as ethylene 
glycol/ and mixtures ot the above. 

To make the block copolymer solubl« in the aqueous vehicle, 
it is necessary to produce salts of the ionic groups in the 
hydrophilic par-. Salts of ar.id groxips can be prepared by 
neutralizing with a ueutraliaer such as base. Specific examples 
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of useful fiases mciude. al ka 1 1 mp.ta I hyriroxi rtf?s (1 i tbium hydroxide, 
jsodiuttihyax oxide and poLaseium hydroxide) / alkali mecal carbonates 
and bicarbonatofi (codi-um carbonate/ potassium carbonate, sodium 
bl carbon at", p. and pnfasi=5iuTn carbonate), organic amines 
{inonomethylamine, dimtiLUylcuuixie, LiiaieLhyl amine/ raorpholine, 
N-nothylmoxpholinc) , organic alcohol amines (N/N- 
rtinpl-hyi.ethanol amine, N-methyldiethanol amine, monoethanolaraine, 
dieLheinylcimijie, LrieLlianolamine) , ammoniUTO, salts C aicunoniiun 
hydroxide/ tctrQaDcylanuxioniuiti hydroxide) , and pyridine. In the 
case o± a cationir. b Ionic r.opr>l yiripr di.spersant, tha amino groups 
ar*i nwuLidliiitid wiUi an acid auch as an orqanic acid or an Inorganic 
acid. Specific examples of useful acide include organic acida 
(acetic acid, propionic acid, torTnlr. add, rjxalir. acid), 
hydroKylated acids (glycolic acid, lactic dcid) , haloqenaLed acids 
(hydroehloric acid, hydrobramic acid) , and inorganic acido 
{sulfuric acid, phosphoric acid, nir.rlr. aciri) . 

The diapersant described above is preferably usad in <dju 
amount of 0.1 to 2.0wt%, more preferably 0.2 to l,Owt%/ relative 
to the picpnent. 

Moreover, the yellow ink preferably coxitaius d 1/2- 
al.lcanediol. In general, the idea of adding a penetration promoter 
such as trietbylene glycol laonobutyl ether {TRRraRF.) to improve the 
penetrability of an ink composition is known. However/ by using 
a l,2-alkan6diol as a penetration promoter instcod of TECmBE or 
the nice, the same level ot penfttrabi I i ty i nto media can be realized 
using a smaller an-owiL o£ Uie peuelxaLion promoter. When using a 

18 



1/2-alkanedioir the amount of thfl pAn<it-'-atiar- praKuoter addsd to 
thtt ixik ccui Llius be reduced. This Is advantageous in terms gf 
iroproviog the stability of the otate of dispersion of the pigment 
in the ink, and hAhrpt the- storage stability and reliability of the 
ink can be iuiproved, Moiewver, the permissible amount of addition 
of con^oncnts other than the colorant in the yellow ink can be 
inr.rf>,aRPd, whi.ch. is advantageous from the viewpoint of ink design 
and iani^xovtttueuL. Moreover, when iisinq a 1, 2-alkanediol, the 
incroaso in the viocooity of the ink can be kept down better than 
When using a commonly usftd pRnptration promoter such as tegtoBE, 
exid hence it dltio b^swiues poaslble to increase the amount added 
of a huBftectant. 

It is preferable to use a to r:« 1 , k^inedlol as the 
1,2 alkanediol. Moreover, two or more 1, 2~cilkcn«5diola may be used 
mixed together. 

In a more preferable form of r.he prAssnt i nvprt i on, the 
1, 2-alkanediol is selected from the group conaistiiig of 1,2- 
butanediol, 1, 2-pentanediol, 1, 2-hexanediol, 1,2-haptancdiol and 
lElxtures thereof. These l,2-alkanedlol8 are prererable in terms 
of giving particularly good penetrability into Iha reuordinq 
Tnprii.uTTi . 

In a yet more preferable form ot the present invent ion, the 
1,2 alkanediol is preferably 1,2-hexdnediol oi 1, 2-penLanedlol, 
more preferably 1,2-hexanediol. 

Ihe yellow ink preferably confains the 1, 2-alkanediol in a 
range of 0.5 to lOwtS, uioie pielexably 1 Lo 5wt%, relative to the 
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total weight of the yellow ink. It is advantageous for the 
1, 2-aiKaneclioi content to be at least U . bwt%/ since then sutticient 
penetrability caa be obtairxed, aud toK the 1, 2-alkanediol content 
to be not more than 10wt%/ since then when zhe 1,2-alkanediol is 
combinecJ with other additives, the Ink viscosity can be easily 
adj.iiated to enable ptintiug. 

According to aitioro preferable form of the present invention, 

in the case chat the l/ii-alJcanediol is 1/2-hutanediol, the yellow 
ink preferably contains 3 to 10wt%/ mote px-efeteibly 5 to 10wl:%, 
of the 1, 2-butanediol.' in the case that the 1, 2-alkanediol is 

l,2-pent:anediol, the yellow ink prererabiy contains J to iuwt%, 
more preferably 3 to 7wt%/ of the 1,2 penzanediol; iix the case that 
the 1, 2-3.1k3nediol is 1/ 2-hexanediol, the yellow ink preferably 
contains 1 to 6wt%, more preferably 3 to 5wt%, of the 1,2- 
hexanediol; and in the case that the 1,2 alkanediol is 1,2 
heptanediol, the yellow ink preferably contains 0.5 to 3wt%, more 
preferably 1 to 2wt^, of the 1,2-lieptaixediol- 

Moareover, the yellow ink preferably contains an organic 
solVRnt. This nrganir. solwnt is prpfprsbly a low-hni 1 ing-polnt 
orqanic solvent; preferable exaicples thereof include E&ethanol, 
cthanol/ n-propanol^ isoproponol, n-butanol, occ-butanol, 
tert-butanol, isobutatxol and n^-pentanol. In particular, a 
monohydric alcohol is preferable. The low-boillng-polnt organic 
solvent has an effect of reducing the drying time of the ink. 

Moreover, the yellow ink preferably further contains, a 
high-bci ling-point organic solvent. t*referable exao^les of the 
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high-ijolling-point organic solvent inr.lnrip polyhydric alcohols 
such AS ttUiyleue ylywl, diethylene qlycol, -rlcthylene glycol, 
polyethylene glycol, polypropylene glycol, propylene glycol, 
burylene glycol, 1 , ^, fi-hfixarnetri ol, thioglycol, hexylene glycol, 
glycerol, t;L"i3Rethyloleth«3Uifci «ma UijueLhylolpropane, polyhydric 
alcohol alkyl othcro ouch ao ethylene glycol aonoethyl ether, 
er.hy1«nA glynol monobutyl ather, (^iethyleae glycol monomethyl 
ether, diethylaiie glycol monoethyl ether, dlechylene glycol 
monobutyl other, tricthylcnc glycol aonomethyl ether, i:riethylene 
glycol monoethyl ether and tr'-p.thylpne glycol monobutyl ether, 
urea, 2-pyrrolidouti, N-nielhyl-2-pvrroliaoiie, l,3-dlmechyi-2- 
imidazolidinone and tristhanolattu-ne. 

The amount added ot the low-bo1 ling-point orgaiic solvent 
ia preferably in a range of 0.5 to 10wt%, uioxe preferably 1.5 Lo 
6wt%, of the ink. Moreover, the amoTwxt added of th.e high- 
boiling-point organic solvent is preferably in a r;iT,nP> ot n.s to 
40wt%, more preferably 2 to 20wt%/ of the iixk. 

^ Moreover, the yellow ink preferably containe an acetyl cnic 
ylywl type surfactant (for example, yifine KlUlO or stg, or 
Surflnol 82, 104, 440, 465 or 405 {all made by Shiu-Elssu Chwulcal 
Co., Ltd.) etc.) as a surfactaixt. 

Moreover, the yellow ink can also contai n oth^»r «n-factaats; 
examples of preferable surfactants include a^iiouit; aotlacLanLs 

(for example, sodium dodecylbenaene sulfonate, oodium laurate, 
ammonium polyoxyethylene alJcy I etnar sulfate etc.), and non- ionic 
surfactants (for example, polyyjtyeUiyleue alkyl ethers, 
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po I yoxyftf hyl ftr.ft alVyl psfpris, po.l yoxyethyleix<& sorbitan fatty acid 
esters, pQlyoxvechyleoe aiJcyl pnenyi ethers, polyoxyettiylene 
alkyl amineo, polyoxyothylene alkyl amides etc.). 

Such, surfactants may Githar be used alone, or two or more 
Lypea caii ha used inlxed Loqether. 

Moreover, the yeXiow ink preferably contains a resin emulsion . 
Here *resin emulsion' laeans an emulsion in which the continuous 
phase is water, and the dispersed phase is a resin component such 
as an acrylic resin, 9 vii^yl acetate resin, a styrer.e -butadiene 
re's in, s vinyl chloride resin, an acrylic-styrene resin, a 
butadiene resin, a styrene resin, a crossllnXed acrylic resin, a 
crosslinkod etyronc resin, a bcnaoguancutiinc rccin, a phenol reoin, 
a silicone resin, an Apnxy rfiRin or the liVe, 

The resin is preftardbly d polymex LUaL has boLh a hydx-uphlllc 
part and a hydrophobic part. Thcro are no particular liwdtationa 
on the parr.ir.le dlamftr.p.r or t-hs rp.sin nnmponpnl- provideo" t.ae 
emulsion can be formed, although it is piufexctble loj. LUt; ^JiiiUcle 
diameter to be not wore than about ISOnai, more preferably about 
5 to lOOnm. 

?be resin emulsion can obLdiued Ihiouyli dispersion 
polymerization of a resin itionomer in water, in the preeenco of a 
surtactant as required. For exaiflp I a, an ftjwil s-i on of an ar.ryl i c resin 
or a szyrene-acrylic lasiu cdii be ubLaixied bv caxrying out the 
dispersion polymoriaation of o (moth) acrylic acid ester, or a 
(tnftt-h)aci-ylir. acid Pster and styrene, in water in the presence of 
a aurXacLfcuiL. The mixlnq proportion of the resin coaipottent to the 
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suriactant Is usual ly prpfprahly made to be in a range of about 
10:1 to 5; 1. If the amowc used of rhe surfactant is in this range, 
then an ink can be obtained having better water resistance and 
pfinetrabi lity. There are no particular l.i:3fti tat ions on the 
suiSd-cLdJil, l>uL preferable examples include ttie surfactants 
mentioned zxbove. 

Moreover, as the proportion of the water to the resin that 
Hiakes up Lhe dispersed phase component, a range of 60 to 400, 
preferably 100 to 200, parts by weight of water to 100 parts by 
weight, of Mip. rRsin is appropriate. 

K publicly Known resin emulsion can also be used as the resin 
emulsion. For ejcample/ tho roesin ciaulciiono diocloaed in Japanese 
Fatent I'nbiication No- S6;?-«147fi, Japanese Patent flpplicaticn 
Laid-open Ho . H3-56573, Japanesti PaLejil, AoolicaLlon Laid-open No . 
H3-79678, Japanese Patent Application Laid-open No. H3-1 60068 and 
Japanese Patent iipplinar.i on i.aid-npRn Nn. WA-inah? cen b© used as 
is. 

Moreover, a commercially available resin cmuloion can be 
used; examples include Microgelt;-iUU2 and Ji-bUU^ (styrene-ar.ryllrt 
resin emulsions made by Nippon ?diiit Co., LLd.)/ eoxicuaL 4001 {an 
acrylic resin emulsion madQ by Dainippon Ink and Chemicals, Inc. ) / 
JBoncoat 5454 {a stycene-acryllc: resin fiwiilRion made by Dainippon 
Ink and Chemicals, Inc.}/ SftE-1014 (a alYrene-acrylic resin 
emulsion made by Nippon Zoon Co., Ltd.), and Sivynol SK 200 {an 
acrylic resin einu I si on tnarie by Salden Ciiemical Industry Co . , Ltd, ) . 

TUe yeliuw iixK pxelerably contains -Re resin emulsion in an 
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aiaount sMch that the r«fi1n rtrtwipnTiept of the resin, eaaulsion accounts 
£ux 0.1 lo 40wL%, more preferably 1 to 25wtt, of the inX, The resin 

eittulsion has an effect of aupptessing peixetration of the coloiraut 
nomportfi^n'f', ;?nd thms promoting fixing of the colotant coniponei>t to 
the recoiuiay iu«saii«u. Mureover, depeiKJing on rhe type of the resin 
cmuloion/ the reain emulsion may form a coating film on the sutf dca 
ot the ink image on the recording madium, thus iraproving the wear 
ititfiyUiixjitje or the printecii article, 
jwi, Moreover, the yellow ink preferably contains a thermoplastii; 

;S| resin in the form nf n rpsin eroulsion. Here, a ^tberrooplastio resin' 

ill i.esiu having a soELening temperature or 50 to 250'^;, preferably 

60 to 200<'C, where ^softening tempcroturc' means the lowest 
W ten^eratiare out ot the glass tra-n.sition temperature of the 
SI thermoplastic resin, the mel tiny poijiL ol Lhe Uierraoplastic resin, 

Q. the temperature at which the coefficient of viocosity of the 

■# ■ ■ 

Q thermoplastic resin becomas lui i fo lui? noise, and in the case 

111 

that the thermoplastic resin is in the fuxui of resiu emulsion, 
the minixam film formation temperature {M?T) . In the heating step 
in the aiethod according to the present invention, the rp.r.r)r<ling 
mediiHR is heated to a temperature above Ltm aoJCLexiinq temperature 
of the thei3noplas-ic resin. 

Moreover, it is preterahiei for thpi resi-n to be one that forros 
a strong, water-resistant, wear-x«4sisiLainL rilm upon heating above 
the softening or m,elting tomporaturc and then cooling. 

nlxampies ot thft thfSTTnnplesttc resin are water- insoluble 
thermoplastic; malna and low-molecular-weight thermoplastic 
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resins . 

St»Hi;i£iv exjowples o£ water-insoluble thermoplaBtic resins 
include, but arc not limited to, polyacrylic acid/ polymethacrylic 
acid, polymfithartryl -i r ar.id esters, polyethylacrylic acid, 
styrene-butadiene copulyiii«£4>/ polybuLadiene, acrylonltrile- 
butadioixc oopolymcro, chloroprene copolynnera, fluoroi-esins/ 
pn1yvinyMde.ne tiuoride, polyolefirx resins, cellulose, 

styiwu«-ticj.yiic acid cupolymers, styxene-mecliacryiic acid 
copolynors, pclyotyrcncr otyrene acrylaroide copolymers/ 
polyisobutyi acryiatft, prtlyar.ryloni trile, polyvinyl acetate, 
polyvinyl onjuLdl/ pulyctuudes, rosin type resins, polyethylene/ 
polycarbonates, vinylidene chloride rosinfis, ccllulooc type resins, 
vinyl acetate resins, sthylene-vinyl acp-tftf-pt r.npolyin/?rs, vinyl 
acetate acrylic ccpolymers/ vinyl chloride xeyiiiis, polyureLhanes, 
and rosin esters. 

specific examples of low-molecul ar-WR^gh^ thprmopiastic 
reoino include polyethylene wax, montan v&x, alcohol waxes, 
synthetic oxidised woxoOf a-ole£in / maleic anhydride copolymers, 
aalmal/plant waxes such as camauba wax, lanolin, paraffin wax, 
and microcrystalline wax. 

The yellow ink may contain saccharides. Exaioples of 
saccharides- incitide monosaccharides, d1 sar.rharirtfls, 
oligosaccharides (including- trisaccharides dnid teU-asaccha rides) 
and poXysaccharidas, wi-ch preferable cxan^lco including gl-iicose, 
mannose, tructose, ribosft, xylnsp, arabinose, galactose, aldonic 
acid/ glucitol, soiJjIl, JUdlLoae, cellobiose/ lactose, sucrose, 
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trehalose and maitotnose. Hftre, ^pnlysoccharides' is deemed to 
medui saucliajLides In the broad sense/ including substances that 

exist widely in the natural world such as* dlyiiiic; aciti, «- 
cynlodftxtrin anri r.plUi.lose. 

Mortsovtji, deiiveiLlves ol Lhesse saccharides include reducing 
sugars (for example, ougar alcohols (represented by the general 
tmnrnula HOCH^ (CHOH) „CHjOH (where n is an integeir from 2 to 5 
iucluyive) ) , oxldliied sugars (for example, aldonic acid, uronic 
acid etc.)/ anino acida and thiosugars. Particularly preferable 
are sugar alnohols, wi ^h .sppr.ific exaixtples including maltitol and 
soiLiL. 

It is appropriate for tho content of theoc oaccharideo to 
be in a range or O.l to 40wt.*, prererably 0.5 fo 3nwt%, of the ink. 

In addition to the above, pH lequlaLois (for example, 
triethanolamine, potassium, hydroxide ate), prcfjcrvativco/ 
fungicides and. the like may be added r.o r.hft yoi low mic as necessary. 
(Magenta ink) 

According to a preferable forni of the prosont invention, the 
magenta ink preferably contains a magenta pigment and water; a 
particularly preferable magenta pigment compiiafcia C. I . piymeuL red 
122 and/or C.I. pigment red 202. The aaoxint of the pigment added 
to the ink aiay be selected as appiropri are from a range such that 
images having good hues can be realized, and dl«u good light- 
fastness and water resistance can bo obtained; it io preferable, 
for example, tor this amount to bf» fiwT:% or less. 
' Moreovei, ah wiLU Uw? yellow ink described above, with the 
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magenta ink, 1t is prftfArshlp for the pigment to be» added to the 
ink ill Lhe form of a plqiaear <Jlsp6rs±on obtained by dispersing the 
pigment in a watcr-baocd advent vising a dispersant or a surfactant, 
Aft a prp»f e'-ab.l e dispersant, a dispersant that is commonly used in 
the )jtiiycix.,ji„xvik or plqmenL dispersions, for example a 

roacromolecular dispersant, can be used- A particularly pcefeieiblB 
dispersant is a block copolymer (I) having an AB, SBA or 2\BC 
aU-ucLuxe as described above. Specific examples thereoi:, the 
Qiaount added thereof and so on are as in the case of the yelluw 
in If. 

^ Hoieover, as with the yellow ink, rne magenta ini?: preferably 
contains a 1, 2-alkanodiol, organic oolvcntQ, a surfactant, a resin 
eiauision and aacchariclfts, anri mny also contain pH regulators, 
preservatives, fungicides and Llws liXe. Specllic examples thereof, 
amounts added thereof and so on arc ao in the case of the yellow 
ink. 

(Cyan ink) 

According to a preferable form o£ the prcoent invention, the 
cyaa ink preferably contains a cyan pigment and water; a 
particularly preferable cyan piyiueuL wjuprisss C-I. piqment blue 
15: 3 and/or C-I, pigment blue 15:4, *;he amount of the pigment added 
to the ink may be selected as apprnpriatp froTc a range such that 
images having good hues can be xedlized, and also good light- 
fastness and water resistance can be obtained; it is preferable, 
tor exanplft, for this R-nouat to be 6wt% or less, 

Moreyvei, as with the vellow ink described above, with the 
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cyan ink, it is pr^fftirablp frtr t*hp pigment to be added, to the ink 
in' the form of a piqmenc dispersion obtained toy dispersing the 
pigment in a water-based solvent using a dispersant or a surfactant . 

a preferable dispersant, a dispersant that is commonly used in 
LUe prepaiJiaLlou ul plqmBnL diaperslons, for example a 
inacroittolecular dispersant/ can be used. A particularly preferable 
dispersant is 9- block copolymer (I) having an AS, ABA or ABC 
structure as described above, specific exairjples thereof, the 
amount added thereof and go on are as in the case of the yellow 
ink. 

Moreover, as with the yellow ink/ the cyan ink preferably 
contains a 1/ 2-alkanediol, organic colvcr-to, a ourfactant/ a rcoin 
emulsion and sancharl rfes, and may also r.nntsin pW rf»gvilators, 
preservatives, fungicides and the like. Specilit; «xdIH^Jles^ Lhereol, 
amounts added thereof and so on arc as in the case of the yellow 
ink. 

The yellow ink, the magenta ink and tlie cyan ink deauLibed 
above all preferably contain a pigment aa a colorant, and a block 
copolyner CI) as described above as a dispersant ror dispersing 

the pigment, since then the effects of the iijk aeL u«ni be lmpi.uved. 

Moreover, the yellow ink, the magenta ir.k and the cyan ink 
described above aii preierabiy t^ntain a 1 , ;?-a I Ifanftdiol , 5?inrp 
then the effects of the ink set can be impi.uvea. 
(Green ink) 

Anriording to a prpfprrpd form of the present invention, in 
addlLiuu to the yellow Ink, the laaqenta ink and the cyan ink 
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described above/ the ink sftt fnrl-hpir comprises a green ink 
coxiLyliiiiiy a yreeii pigment; It Is particularly preferable for the 
green pigment to «3omprioc C.I . pigment green 36 anci/or C.I . pigment 
grfi«=m 7. By inrlnding the green ink in the ink set, the color 
reproducibility, iu p^ixLicular Lhe color reproducibility in the 
grocn region (i.e. the ability to realise images in the green region 
i-hrough tfcie green ink} , can be improved. The hue of the colorant 
uisad in Lhe yellow ink, i.e. the yellow pigment, in particular C.l. 
pigment yellow 110, ia reddish, and hence there may be a risk; of 
the color reproducibil -i ty ir the green region dropping, and hence 
in the yititiu leyioii becomixiq narrow. However, by using a green ink 

containing a graen pigment, preferably C.l- pigment green 36 and/or 
C.i. Pigment green /, it is posaihlft to imprnvi? the color 
reproducibility in the green region. 

The green ink preferably contains a green pigment and water; 
a particularly preferable green pigi«ftnT. romprisps r..T. pigment 
green 3S and/or C.I, pigaient green 7, The amomjit ol Uia pigiuenL 
added to the ink may b^ selected as appropriate from a range ouch 
that images having good hues can be realized, and also good 
light fastness and water resistance can ba ubLalned; IL Is 
preferable, for example, for this amount to be 6wt% or loss. 

Moreover, as wiT±i the yellow ink desnrl bAri above, with the 
green ink, it is preferable for the piguusnL Lo be tidded Lo the ink 
in the form of a pigment dispersion obtained by dioperaing the 
pigment in a water-based sol vftnt iising a dispersant or a surfactant. 
As a preferable Uitip«i.aantr a dispersant that is conponly used in 
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the preparation of pigment dispersions, for example a 
j^acroioolecular dispersaimt:, can be used, A parcicularly preferable 

dispersaxit is a block copolymer (I) having an KBf ABA or ABC 
structure as described above. Specific exan^les thereof, the 
amount added thereof and so on are as in the case of the yellow 
ink. 

Moroovor, as with the yellow ink, the groon ink preferably 
contains a i,2-allcanediol, organic solvents, a surfactant, a resin 
emulsion and saccharides, axid may also contain pH recfulators, 
preservatives, fungicides and the like. Specific examples thereof, 
amounts added thereof and so on are as in the case of the yellow 

ink. 

(Black ink) 

According to a preferred form of the present invention, in 
addition to the yellow ink, the magenta ink axiA the cyan- ink 
described above, or the yellow ink, the magenta ink, the cyan ink 
and Uie green ink described above, Jie ink set lurUher comprises 
a black ink. 

There are no parti r.ii I ar I im1 tati oria on fhft cn I nrant and other 
componenLss used in Lhe black ink, with it being possible to use 
ones commonly used in black inks in ink ocitot for cxaraplc/ a pigment 
such as carbon black can be xised as the colorant. By including the 
black ink in the ink set, the sensation of solidity of images r 
partic-plarly images containing three dimensional objects, can be 
iaitproved. 

Moreover, as with rhe yellow ink described above, in the black 
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injc, m addition fn a pitjmpnt snch as carbon black, it is also 
prererable to use a block copolymer (I) having an AU, aha or Adu 
structure ao dcocribcd above as a dispersant for dispersing- the 
pigmRTit-, and i t j.s also preferable to use a 1^ 2-alkanediol. Specific 
exducylbis UieieoC, cuiiouiiLs added tliereof and so on are as in the 
caoc of the yellow ink. 
(Light magenta ink arid light cyan ink) 

According to a preferred form of the present invention, In 
addition to the yellow ink, the magenta ink and the cyan ink 
de.snri bAd above*, or the yel low ink^ the magenta ink, the cyan ink 
and the green ink described above, or the yellow inK, the magenta 
inJ:, -he cyan ink and the black ink dc£3cr±hcd above, or the yellow 
Ink, the magenta ink, the ryan ink, thp green ink and the black 
ink described above, the ink set rmLUet coaipriaea a lighL magenta 
ink and a light cyan ink- The light magenta ink and the light cyan 
ink have the same composirloriR rhe? mag<=!Tita ink and the cyan ink 
described above respectively, except that the coiictyilravioa o£ Lhe 
colorant is lowered. 

(Other inks) 

In addition to the inks descxibfcjd dJjuve, Uie ink ael o£ Lhe 
present invention may as required furthej? comprise a dark yellow 
ink obtained by adding small amount a of a Tnagp-nfR piginent and a 
cyan pigment to a yellow ink coiit<»i«iiiq a yellow pigment. 
Furthermore, the ink set of the present invention may also further 
comprise other Inks. 
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The Inic Rftt of thf present j.nwention basically eotaprisss a 
yellow ink, a maqenta in:< and a cyaoi ink, and is such that reflected 
light from an iraagc formed through ink jet output has specified 
spprfra.l characteristics. 

Ill d preferred Tom of the inJc set of the present invention, 
the ink set comprises e. yellow ink containing C.I. pigment yellow 
110, a taagenta ink containing CI. pigment red 122 and/or CI. 
piyiuent red 202, and a cyan ink containing ci. pigment blue 15: J 
and/or CI. pigment blue 15:4. With this ink set/ through the 
nombi nation of Ir'ne spectral characteristics of reflected light 
iioxu imaqeB formed for each color, it is possible to reduce 
metaiaQrism for an imago printed uoing the whole ink set- 

Moreover/ in another prsferred form, of the ink sat of the 
present invention, the ink seL is a e-color ink set basically 
comprising a. yellow ink, a magonta ink, o cyan ink, a black ink, 
a light magenta ink and a lighr. cyan ink, flnri Ijs sucfa that reflected 
light from an image formed through ink JbL ouLpuL has apecilied 

5. 

spectral characteristics. 

The yellow ink, the magenta ink, the cyan ink, the b lar.k ink, 
the light magenta ink and the liyhL cyaii iiik lu Lhls 6~color ink 
set preferably all contain a pigment as a colorant, and a block 
copolymer (l) as described above as a dispersant for dispersing 
the pigment, since then the «f IbcLss of the ixAk set can be improved. 
Moreover, all of the inks in the 6-color ink set preferably contain 
a 1,2-al Icaneriiol, sinr.e theu the effects of the ink set can be 
in^iuved. 
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According to another farm of thd present invention, the ink 
set ot the pres«?nt invention basicaiiy comprises a yeiiow ink, a 
magentct ink, a cyan ink/ and a green ink, and is such that reflected 
light frofii an itnagc formed through ink jot output has specified 
specural characteristics. 

Myreov«3x.v Lo aiiulhei* ruriu.af Ui«s pitssdtiiiL luvteuLiuii, 

the ink oct of the prcocrxt invention baoicaily coioprioco a yellow 
ink, a magenta ink, a cyan ink and a black ink, and is such that 
xelltjcteU liyhl, Tjcoiu aii iii'.<4ye larmtfU Lhrouyh ink jsL uuLpuL Uds 
specified spectral characteristics. 

i'urthermore, according to another torm ot the present 
invention, the ink set of the present invention basically comprisea 
a yellow ink, a magenta ink, a cyan ink, a green ink and a black 
ink, and is such thtLZ reflected light from an Image formed through 
ink jet output has specified spectral characteristics. 

FurtheriRore, accordimg to another- forjn. o£ the present 
invention, the ink set of the present invention hasicallv comprises 
a yellow ink, aroe.geD.ta init, a cyan, ink, a green ink, a light m&genta 
inV arid a lighr cyan irjk, ard 1.s such that refT^cte>d light from 
an image fomed through ink jet output has specified spectral 
character is tico . 

According to the ink set of the present invention, metaioerism 
can be reduced. Moreover, by using the above-mentioned green ink, 
color reproducibility in the green region can be improved. 

There are no parricula.r limitations on the usage of the ink 

set Of the present invention . however, in terms of it being possible 



to print: hHgh-rp.solut:.i.on, high-cfuality images at high speed using 
a relatively Inexpens-lve apparatu3, the ink set ot the present 
invention io aui table for uae with ink jet recprdiiag, in which 
pri Toting is carried out by making ink droplets fly onto a recording 
uieUiiuu such as paper. 

Moreover, if an image is formed on a recording uiadimu Lhrouyh 
a recording jjiethod using the ink set of the prosont invention, then 
a vivid, hiqh-quallty Image can be obtainecl, with metamerisia being 
reduced. 

An <ax?iTnp.le of a recording method using the ink set of the 
present invention is a method In which an image is rormed using 
an ink jet recording apparatus or other recording syatenx comprising 
an ink cartridgft hrtiising the .ink. set of the present invention, and 
a printer head thdt diwuUy,ities the inks o£ the ink set Of the present 
invention from the ink cartridge. 

Moreover, by using 1-he> ink set ot the present invention, a 
recorded aorticle can be obcoiiatid iu whicli a vivid, hiqh-quallty 
image is formed on a recording medium, with metamerism being 
reduced . 
[Examples] 

The present invention will now bo dtoecribcd in further detail 
through the toliowing exarnplRs. Tt shoxiTdbe noted, however^ that 
the present invention is uuL liitd. led whatsoever by these examples. 
{Example 1] 

Tn ks of v^ri ovs col ors having the following compositions were 
pxoduuea, thus preparing an ink set ccaaprlsing the inJcs. 
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(Yellow ink) 
Flqjr.ent 

C.I. pigment yellow 110 4vft% 
Liquid medium 

AiwHowiujii isalL or sLyrene-acrylic copolymer (tJiolecular 

weighr 7000, dispersant / solid contisnt) 2wt% 

Glycerol 10wt% 

Ethylene qlvcoi 3wi:% 

Triethylene glycol raonobutyl ether 5wt% 

Tri fsthanol.amlne 0,9wi:% 

2-pyrrolidon6 3wt% 
Surfinol <165 (mado by Shin-Btou Chemical Co., Ltd.) 

lwt% 

lon-exchanqe wdtei Remainder 

(Magenta ink) 
Pigment 

C.I. pigment red 122 3wL% 
Liquid medium 

Ittranonivna salt of styrene-acrylxc copolymer (mn Is 
xveight 7000, dispeisicaiL / solid uouLexiL) 1.5wt% 

Glycerol lSwt% 

JSthylene glycol 5wt% 

Trietliylene qlycol uiouol>uUvl eUaer 5wt% 

Txiethanol amino 0.9wt% 

;?-pyrrnTidnnp 3wt% 
5ux.ri«al 465 (made by Shln-sjtsu Chemical Co., Ltd.) 
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lwt% 

lon-exctanqe water ReKiaincier 

(Cyan ink) 
Pi gtpprh 

C.I, piyjuiexiL blue 15:3 2wt% 
Ll<3uid medivum 

Ammoni-uir. salt of styrene-acryiic copolymer (molecular 
weiqht 7000, dispersant / solid content) lwc% 
Glycerol 15vrt;% 
F.fhylpn** glycol 5wt% 
TrieLhylene glycol monobutvl ether 5wt% 
Triethanolamino 0.9»irt% 
2-pyrroiidor.ft 3wt% 
Surfinol 400 (made by Sliiu-EUyu Chejolcal Co., Ltd.) 

Xwt% 

Ion-exchange water Remainder 
[Comparative Example 1] 

A yellow ink was produced as in Example 1, only changing the 
Plqmem: to C.l. pigment yellow i2\s, and an xnk set wa.<? pr^pArsd 
coaiprising this yellow ink, and laaytiuLa wiitJL uytui inks havinq the 
&asais compositions as in Example 1. 
evaluation i: 

Images were irecorcled on lauoidiiiq juedia using the ink sets 
of Exarople 1 a»d Coioparativo Example 1, andzactaaierit3iawa3 evaluated 
as tollow.s. 

All EM-900C ink JeL printer (made by Seiko Epson Corporation) 
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was used, and thft Inlr fiAt.*? of F.varople 1 and Comparative Exan-ple 
1 were Tilled into ink cartridges for exclusive use vixzh this 
printer. For coch ink set, color mixing was carried out using the 
thrpip. inks in the ink set, and a monochroiae gradated solid pattern 
(cficay si;dl«sj way yuLpuLUd, beinq printed on a recording medium 
for exclusive use with the printer (glossy film/ made by Seiko Epson 
Corporation) (hare and hereinafter ^solid pattern' means that the 
xecoxdinq medium was goveredby the pattern with no gaps) . The color 
mixing was carried out such that the same colors were produced f oi 
hot.h Ink .<?ftt.«! nnripr a nfin light source. 

iSttch ouLpuLLed pattern was held up zo a fluorescent lamp and 
sunlight, and the extent of change in the colora was investigated. 
The results were that, with ths ink set of Example 1, no great 
difference was found in the dippedrdiice u£ Qie colors between the 
light sources (i.e. metamorism was reduced) . With rhe ink set of 
comparative Example 1, on r.hft orhp.r hand, a sh.ift to a green color 
was seen under the sunlight coropared ivick Lha IluoteacexiL Icunp ii.e. 
metamerism occurred) . 

Moreover, for each of the patterns obtained, color 
sieasurements were taken using a 938 SpeutroaexxsiLomeLer {made by 
X-rite) (with a P50 light source)' on the part of the pattern for 
which Che brightness L* m the Ti*a*b* color system stipulated by 
the CIE was 50, and the specttal diaxacLerlsLics of the reflected 
light were thus investigated. It was found that a fairly flat 
spectral curve was formpri for the image formed using the ink set 
of Exdiupltt 1 (see Fiy . ij , whereas a larqe peak was formed at SOOnm 
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with the mJc sftt of Coitiparflflvp Rxampl© l (see Fig. 2\ . 

JurLlienaore, a 5C% duty solid pattern was outputtea for each 
of tho colored inkc In the ink set of Exan^le 1 emd the ink set 
of Comparati vf? Rxawple 1, and the spectral characteristics of the 
reflected liyht uudex a D50 liqhL source were Investigated as above, 
i.e. the only difference with above wais that the individual colors 
were outputted singly without color mixing being carried out. It 
wya jCotuid LhaL the spectral characteristics differed between the 
yellow ink in the ink set of Example 1 (see Fig. 3) and the yellow 
ink in ths ink Rpt of r.nmparati ve Example 1 (sea Tig. , Note that 
iii Fiys. 3 and 4, "Y' Indicates the yellow InK, ''M' the magenta 
ink, and the cyan ink. With tho yellow ink uoed in Example 1/ 
moving from low wavelength to high wav^lengtb, the light source 
wavelength range over which reflecLiwi llqhL sLarLs to occur 
as opposed to absorption is 470 to BOOirra./ and the rcflcctancs of 
the yellow image is about 20% ar. 50im™, and ahmit */n% at .S40nm (see 
the ^Y' curve for the yellow ink in Fig. 3) . a xtjaulLr the 
^peak/trough difference' of the reflcctanco (the difference 
between the maximxain value and the mlriUmM value ot the ret l ectanciA) 
for the gray scale image is only about 15% (see Fiy . 1) , and hence 
it is thought that o^tamerism has been reduced. 
TExarople 2] 

A 4-colQr ink set was pxepdied by dddiuq a green ink 
containing C.I. pigment groon 36 to the 3-color ink set of Example 
i comprising the ye I low Ink, the magenta ink and the cyan ink,. The 
cQo^ositlon u£ Lhfcj yteeu Ink was the same as rhat of the yellow 
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inJc iiseri in F.xamplA 1 pxrept that the yellow pigment was changed 
Lo C.I. piqment crreerx 36 « 

[Example 3] 

A 4-co.lor ink set the sam$ as that of Example 2 was prepared, 
BAcepL LUdL c»l. piqmeiiL qreen 7 was used instead of CI. I. pignnent 

green. 36 as the pigment in the green ink. 
[Example 4] 

A 5-color ink set was prepared by adding a black ink 
containing carbon black to the 4-color ink set of Example 2 
cnmprlsing thp yellow Ink, the itiagenta ink, the cyan ink and the 
yieeu iuk. The composition of rhe black ink was the same as tnat 
of the magenta ink used in Example 1 cjsccpt that the magenta pigment 
was changed to carbon black. 

The same evaluatioii cls LUaU caxried out on the ink sec of 
Estatnple 1 was carried out on the ink octo of Examples 2 to 4/ 
Whereupon it was found r.har in ai i r.Afif^!^, &s with Example l, the 
difference between the maximum value aiid the mixiluiuitt value of the 
reflectance for the gray scale image wao not more than 20%/ and 
hence metamerism was reduced, tlirthernaore, color rftprodnribi 1 i ty 
in the green region was impiovtid lux all of the Ink sets of Examples 
2 to 4. Moreover, the sensation of solidity of images waa improved 
with the ink set ot Exaa^le 4 du<% to th*» presence of the black ink. 
(Examples 5 and C, CcmparatiVH Excujple 21 
Preparation of dispersar.ts 

Dispersaints a and ^ for pigment dispersion were prepared as 
followss. KoLt; that when preparincr the dlspersatits, the procedure 



disclosed in Japanoso Patent Application Laid-open Wo. Hll-2 69418 

was followed. 

i^ispersant a: t-butylstyrene / styrene // metiiacrylic acid (27 / 
18 // S5wt%) block copolymer 

FtrfiMy, th« to I Inv7lng components were prepared, and a 
macroaionomer a was produced as described below. 

Coroponent Weight (g) 

Part l! Methanol ?.33.4 
isopropanol 120,3 

Part 2: Mcthacrylic acid monomer 239.1 
Mpthnnnl -^^-^ 
fil PdiL 3: iaopiopyl-bis(borondlchloj:oro.sthylglyoximato) cobalt 

i (III) salt O'l-sa 

2, 2'-azobis (2, 2-dlmethylvaleronitrile) (Vazo (trademark, 
made by DuFont) ) C.52 
Acetooe 87.2 
•XtXQ part 1 mixture *?as put into a 2-liter riasK provided with 
a therroometei:, a stirrer, an adding funnel, a teflux condenser, 
and Cleans for maintaining a nitrogen blanket covering the reactants . 

iTie mixture was ttiea Heated to a reflux temperature, and was 
refluxed for about 20 minutes. Parta 2 and 3 were then added 
simultaneously while maintaining the reaction mixture at the 
reflux reTnpftrar.ure. 'Itie addir.lon of the part 2 was carried out over 
4 liouxs, and the addition of the part 3 was carried out over 4*? 
houro. Scf luKing was then continued for a further 2 hours, and then 
the solution was cooled to room teaaperature, thus obtaining a 

. 40 



ts«t: 



ii 

m 

w. 
at 



macrnmnnomftr sol lit* inn a. 

Next, in acWlrlon zo the macromonomer a oi>tained, the 
following components Vvtiifci piepdred, aad Lhe dispersant a was 
prnrii.ic.ed followincj the procedure described below. 

CoiupoiieiiL weight (g) 

Part ItLi Macromonomer a 152.4 

2-pyrrolidone 40-0 
?arL 2a: Lupersol 11 <T:-buT:yl peroxypivalate) (made be Eit Arochem 
North Itoierica) 0.67 
Ar.pt-one iO'O 
raiL 3a: i-butylstyrene '^T 



Styreno 



10.0 



Fart 4a: Lupersol 11 2.67 
Acetone 20.0 
Part 5a: Lupersol 11 0.67 
Acetone 10.0 
The part la mixture was put iiiLu d 500«il flask provided with 
a thermoxaeter, a stirrer, an. adding funnel, a reflius condenser, 
and means for maintaining a nitrogen blanket, novftring thP rpscti.on 
mixture . The mixture was tliea kiiciL<id Lo a reriux temperature, and 
was refluxed for about 10 adnutes. The part 2a oolution was then 
added. Next, parts; 3a and 4a wnrp Added sinultaneously while 
maintaining the reaction mixLme at Lhe reflux temperature. The 
addition of the parte 3a and 4a wao carried out over 3 hours. The 
reaction wlxt-nrA wa.s then .refluxed for 1 hour, and then the part 
5a BuluLiyu wasi sddBd, before refXuxlng the reaction mixture ror 

41 



1 more hour. The nilxl-nrA was then distilled imtil about 117g of 
volaLile laatter had been recovered, and then 75. Og of 2-pyrroiidone 

wae added/ thuo obtaining 239. Og of a 41,0% polyrtier solution 
(dispersant a) . 

Dispersant 0; iityrene ( methyl methacrylRte // mftMisnry.l i.c acid 

(25.0 / 29,2 // 45-8wt%) block copolymer 

The following components were prepared, and the diepcrsant 
P was produced tallowing the proriftriiirR rtpscribed below. 



Compciient Weiglit (y) 

Part lb! Mar.rmnonmner a 152,4 

2-pyrrolldone 40.0 

Part 2b: Lupersol 11 0.67 

Acetone 10.0 

Part 3fa: Styrene 30.0 

Styrene methacrylato 35.0 

Fart 4b: Lupersol 11 2.67 

Acetone 20.0 

Part 5b { Lupersol 11 0u67 

Acetone 10.0 



Using parts lb to Ob above, the saxue procedure as for 
disporsont a wac carried out/ thu3 obtaining 270g of a 44 . 09 polymer 
.solution (dispersant . 
Production of ink compositions 

•I 

Ink coais>ositions M to A7-L were produced as follows UiSing 
the dispersant a or ^ obtained as above. 
Xnk cuiLipuai lion Al (yellow ink} 
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long nf r..T. pifjcient yellow 110 as a yellow pigment, ISOg 
01 the dispersant a, 6g of pot-assixw hydroxide and 250g of water 
were mlKcd together, and dispersion was carried out for 10 hourb 
in a ball mill nsing zirconia beads- The stock dispersion thuo 
obtalaed was Silterea using a mftmhranA f i 1 ter pore size 8jjm (made 
by Kihon Miliipore Limited) to remove cod.rs« ytiiLicles, dud Uien 
the filtrate was diluted with water until tho pigment concentration 
was 15wt%, thus producing a yellow' pigmeni: dispersion Al - 

40g of the yellow pigment dispersion Al thus ubLctixied, 15q 
of gl ycprol , 3g of 1, 2-hexanedioi and Ig of ORUFIN ElOlO were mixed 
LoyeLher, and -ultrapure water was added to make the total weight 
up to lOOg. Tho pH of the aixture was then adjusted to 0,5 using 
triethanolamlnft as a pH regulator, the mixtiare was agitated for 
2 hours, and then Lhe luijiLuie was filtered using a membrane filter 
of pore sise about l.ZfJiia (made by Nihoii Milliouxt; LimiLbd), Lhus 
producing the InVr r.OTnpom tinn Al {yellov? ink) . 
Ink compositions A2 eixid A2-L {v:yfcUi Ink and light cyan ink) 

lOOg of C.I. pigment blue 15 j 3 ae a cyan pigment, lOOg of 
th#5 rti .«!pp>r«?ant a, 4 ■ 5g of potassivna hydroxide and 250g of wator 
were mixed togetliei, crnd dit3pe;:siui: was carried out for 10 hours 
in a ball mill using zirconia beade. Tho otock dioperoion thus 
obtainGd was filtered using a membrane filter of pore oiac S^m (made 
by Nihon Millipore LliuiLed) Lo temove coarse particles, and then 
the filtrate was diluted with water until the pigment concentration 
was 10wt%, fhufs prodxicing a cyan pigment dispersion A2. 

20g ol Uits cyan pigment dispersion A2 thus obtained, log ot 
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glycsrol, 5g of diathyleiie glycol, 2g of 1, 2-hexaRediol and Ig of 
ORUriN ElOiO were mixed together, and ultrapure water was added 
to juake the total weight -up to lOOg. The pH of the mixture was then 
adjusted to 8 . 5 using triethanol amino as a pH regulator, the mixture 

was agitated for 2 hours, and tlien the mixture was filtered using 
a nentorane filzer of oore size i.2|jin {made toy Nlhon. Milllpore 
Limited) , thus producing the ink composition A2 (cyan ink) . 

Moreover, separate to the above, 7g of the cyan pigment 
dispersion A2 obtained above, 2Qg of glycerolr Og of diethylene 
glycol, Ig of 1, 2-hexanediol and 0.4g of ORUFIN STG were mixed 
noge-cher, and ultrapure water was added ro malce the •cotal weighr. 
up to lOOg, The pE of the taixture was then adjusted to 8.S using 
tri.ethanolamine as a pH regulator, th^ mixture was agitated for 
2 hours, and Lheu Lhe mlxLure was filtered using a membrane filter 
of pore size 1 .2^3X1 (laadebyKihonMillipore Limited) , thua piuduciuy 
thfs inlf cojnposilrion A/"-!. (,l .i.ght cyan ink). 
lioX cuuipoalLioii A3 (yellow ink) 

lOOg of C.I. pigment yellow 110 ao a yollow pigment, 150g 
of the dispersant p, Sg of potassium hydroxide and 25^)g of water 
w«!xe uiixed loyeUtiei.-/ and dispexsion was carried out for 10 hours 
in a ball mill using zirconia beads. Tho stock diopcroion thua 
■obtained was filtered using a membrane filter of pore size 8|tua {made 
bv Nihoii Millipore LlmiLed) Lo remove coarse particles, and then 
the filtrate wac diluted with water until the pigment concentration 
was 10wt%, thus producing a yellow pigment dispersion A3, 

40g of the yellow piciment dispersion A3 thus obtained, iSg 
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of glycerol, 3g of l,2-heJ4atiediol and Ig of ORUFIN ElOlO were mixed 
together, and ultrapiire water was added to laaJce the total weight 
up to lOOg. The pll of the niatttire was tbea adjusted to 8.0 using 
triethanolaif.ine as a pH regulator, the irdxture was agitated for 
2 Ixours, and then the mixture was filtered using a membrane filter 
of pore size l-2Min (made DvNihonMlllipore Limited) , thus producing 
the ink composition A3 (yellow ink) . 

Ink compositions A4 and A4-L (magenta inJ« and light magenta ink) 
lOOg o£ C.I. pigment red 122 as a magenta piyuieiiL/ 150y ol 
the dispcrsant P, Sg of potaooium hydroxide and 250g of water were 
ll mixed together, and dispersion was carried out for lU hours in a 

I'll ball mill using zirconia beads . The stock dispersion thus obtained 

m v/as filtered using a membrane filter of pore oiac 9\m {made by Nihon 

Millipoie LliulLed) to remove coarse particles, and then the 
f iltroto wao diluted with water until the pigmeixt concentration 
JSI was; lOwt^S, thius producing a magenta pigment dispersion A4 . 

m 

Q 30y of Uie juwyexiLa pigment dispersion A4 thus obtained, I5q 

111 

of glycerol, 3g of 1, 2-hcxanodiol and ig of ORUFIN ElOlO were mixed 
together, and ultrapure watftr via.*? add«d fn irakp tht^ total welghit 
up Lw lOOy. The pH of Lhe mixture was then adiusted to 8.5 using 
triethanol amine as a pH regulator/ the mixture was agitated for 
?. 'horrs, and then the mixture was filtered using a menibrane filter 
of pore si7.e 1 .2\m {made, by Ni hon Mi I i ipore T.inj.i ted) , thus producing 
the ink composition A4 (magenta ink) . 

Moreover, separate to the above, lOg of the magenta pigment 
disperslonA4 obtained above, 20g of glycerol, 6go£ ethylene glycol, 

AS 



3g of 1 ,7.-hAxanprtio1 arid OA<j of ORUFIN STG ware aixed together, 
and ultrapure water was aaded to make the total weight up to lyyg. 

The pH of the mixture was then adjusted to 0 , 5 using triethanol&mine 
as a pH regulator, the mixture was agitated for 2 hours, and theu 
the mixture was f iltereoi using a metDbrane f 1 1 tsr of pnrp si 7.e 1 . 7m 
(aade by Nihon MUlipore Limited) / thus producing the ink 
compositior, A4-L (light magenta ink) . 
Ink compositlorx AS (black ink) 

lOOg of carbon black as a black pigment, IDOg of the 
dispersant 0, Sg of potassium hydroxide and 250g of water were mixed 
LoqeLher, and dispersion was carried out for 10 Hours in a ball 
mill using zirconia beads . The otock dioperoion thus obtained was 
filtered "using a membrane filter of pore slzo 8|4m (made by Nihon 
«illipore Limited) tu ieuiove coajcae particles , and then the 
filtrate was diluted with water until the pigment concentration 
was iOwr.%, thus proclur.-; ng a hlar.lc p1 gT).i?r).t dispersion A5. 

30g of the black pigment diaptisiou A5 Urns obtained/ 15q 
of glycerol, 3g of 1, 2-hexanediol and Ig of ORUFIN ElOlO were taixed 
together, and ultrapure water was added to make the tota l wp-lght 
up to lOOg. The pH of tlifci luijtLure wys Lheii adjusted Lo 8.5 using 
triethanolamine as a pH regulator, the mixture was agitated for 
2 hours, and tnen the mixture wa« filtpred using a membrane filter 

of pore size 1 .2m (made by Nihon Mlllipo re i.lTnlr.ftri) , rhnsprodncirvg 
the ink composition I\5 (black ink) . 

Tnlc nompositioTis A6 aojd A6-L (cyan ink and light cyan ink) 

i«k cojuipoBi Lions A6 (cyan in:<) andA6-L (light cyan ink) were 
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profliir.ftd having +-h<? same conipositions as ink conipositions A2 and 
A2-L respectively/ except that u.i. pigm^t blue 15: « was used 

inotcad of the picpnent used in ink compositions A2 and A2-L, 
Trxk compositions A7 and A7-I. (magenta ink and light magenta ink) 
liik cojttposi Lions A7 {magenta InK) and at-l (light magenta 

ink) were produced having the same compositions as ink cuuipositlyiis 
A4 andA4-L respectively, except that CI. pigmont rod 202 wac uocd 
instead of the pigmeni: used in ink coiciposlt.ions A4 and A4-L. 
Printing evaluation tests 

An ink jet printer MC2000C {made by Seiko Epson Corporation) 
was used in the evaluaclons , wlch each of the colored inxs in each 
ink set being put into the ink dbioitiber of the corresponding color 
in the inic tank of thp printer. Specifically, in the case of zhe 
ink set of Exeoitple 5, Lh« ink coiiyfOBlLion Al was put into -Che yellow 
ink chamber/ tho ink compooition A2 into the cyan ink chamber, the 
ink composlT.lon AX-l. into t-ip ligbt cyan ink chambar, the ink 
composition A4 into the niageuLd ink chamber, the ink ccaopositlon 
A4-L into the light magonta ink chamber, and the ink cowposition 
A5 into the black ink chamber. 

Moreover, in th« udiise v£ Lhe Ink set of Example 6, the 
following ink con^jositions were put into the rcopcctive ink 
Chalabers: the ink cmnpofli tion AS in place of the ink cojnposition 
Al used in Example 5/ LU« ink compos! Lions A6 and A6-L in place 
of the ink compositiono A2 and 2i2-L uaed in EKample 5; and the ink 
nompoRi tinns A7 and A7-L in placd of the ink coffpositions A4 and 
A4-II used in Example 5. 
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The undfinoftntl onftfl seq««i>inr<? of evaluations was then carried 

Note that fox the oake of convenience/ "he ink sets of 
RxamplAR 5 and fi shall be referred to as ink set a and ink set b 
respectivfejly . liik stfLs a axid b thus compiriss the following ink 
compooitiono . 





Example 5 


Example 6 




(Ink set a) 


(ink set b) 


Yellow 


Al 


A3 


Cyan 


A2 


A6 


LiyliL t:yd« 


2\2-L 


A6-L 


Mag'enta 


AA 


A7 


lilghr magenta 


A4-L 


A7-T. 


Dlack 


A5 


A5 



I. Evaluation of printing stability 

ConTJlnuous printing was f:Arrifid 011I-, arid .it was observed 
whether or not dot omission and ink scatLfcitiuy occuxxeci. The 
evaluation was carried out according to the following criteria. 
A: After 48 hours, dot omission or ink scattering had ocnnrrAd Iprs 
than 10 times - 

B; After 48 hours^ dot omission or ink Scattering had occurred 10 
times. 

C; After 24 hours, dot oroission ox ink scaLLerlng had occurred 10 
times . 

Di Dot omission orink scattfiri ig occurred more than 10 times within 
24 hours. 
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The. evaliiaflrtn rp.sult was W for both ink set a and ink sot 
h, showinq that the prlntin5f stability was extremely good in both 

CQOCD. 

?. ?.vi3luation of printed image quality 

MeLiiiiierlbfli for Lhe case that an image was recorded on a 
recording medium was evaluated as follows for the ink awL d dJid 
the ink set b. 

For each of the ink sets a and b, color mixing was carried 
out uoing the various inks in the ink set/ and a monochrome giaddL«d 
fioMrl j>a1-t-<*m (gray scale) was outputted/ being printed on a 
recordlnq medium for exclusive use with the printer (glossy rilia, 
made by Seiko Epson Corporation) . This wao done such thet the same 
colors were prodiiceri for ■hntTn injc sets under a D50 light source. 

Each outputted pdLLexn wa.a held up Lo a fluorescent laiop and 
sunlightr and the extont of change in the colors was investigated. 
The results were thar, with hn1-h t-hp ijnk set a and the ink set b, 
no great change was found in the atpptieiLciiice ol Llie colors between 
the light sources. 

Moreover, for each of the patterns obta1n<!sc1, <^o1nr 
measurements were taken usiiiy d 938 SpecLrudensitometer (made by 
X-rite) (with a D50 light source) on the part of the pattern for 
Which the brightness L* 1n tha T.*a*h* color system stipulated by 
the CIE was 50, and as in Ejieuuple 1, Uiie specLral characteristics 
of the reflected light were thuo invcotigated. Aa shown in Pig. 
b (ink aftt a) snri Fig. 6 {ink set b), it was found that for hozh 
of LUti ink seLtf, a fairly flat spectral curve was formed/ with the 
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ditterence ftRt.Wftftn t-'hPi m«xiTnvnn value and the ainimTim value of the 
xeXlecLance for the gray scale image in the light source wavelength 
rang'o of 400 to 700nm being about 10% in both ca$«6. 
li. F.vaUiation of light- fastness 

Of the pdLLerns obLaineiS in the evaluation of the printed 
inuigc quality, light fastness tessts v^ere carried out ou the solid 
pattern for which the OD value was 1.0. Moreover, for con^joricon, 
an CoKtparaLive Example 2, a 6-color ink set c was prepared that 
woo the Qome as the ink set a, except that an ink coiuposiLiyu A8 
(ye( low ink) was used In place of the inic composition. Al, where 
the iiiH. uuxupoalLion A8 was produced as for the ink composition Al 
but using C.I. pigment yollow 74 in place of C.I. pigroent yellow 
llU as the yellow pigment; nsi-ng the ink set c, a solid pattern 
was outputted as above, and llqhL-IasLness tests were carried out 
on the pattern for which color missing had been carried out such 
that OD = i.O. 

The evaluation method was aa follows, rirsi.ly, the solid 
pattern was set in a folder for oxclucivc teat uae, and was covered 
With a ZHia-thick piece ot soda-lime glas.s, with a Tmn air layer 
left between the printed axticit; ci;id the glass. The folder was then 
mounted in a xenon light-fastness test apparatus; CiSOOO {aiade by 
Atlas), and an expo.sure tftsf was carried out. 

The operating envixuniueiil, uf Uie Lest apparatus was made to 
be as follows. 
Light Ronrcft! X^non lamp 

Output illuialttaxice: 5SW/m' (total illuminance in 300 to 400nm 
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ranga) 

Exposure rime; 72u hours 

Filters: Inner: Borosilicate 

Outer: So<ia-lime 
Temperature In cnaM^er: 30 
Humidity in cheanber: 45% RH 

The results woro that/ with tbo ink oet a/ virtually no color 
degradation could be seea with the naked eye. Moreover, the OD value 
was 0.93,. ahowing that the color peisistBiictJ idtts was 93%. 

In contrast, with the ink set c, the color could be seen to 
have changed greatly, and The OD value was U.fo5, and -chus the 
persistence rate 65%, which, is a level below that required for 
practical use. 

Moreover, for the ink set c, the spectral characcerlstics 

of the reflected light were investigated as in Exarople 1, whereupon 
the spectral curve was foimd not to be flat, with the difference 
between the masiiuuiu value and Liie minimum value of the reflectance 
for the gray acalo image over a light source wavelength range of 
400 to VOOmn being 'AH% (fiaa F1g. 7) . FnrthprTnorP, thp reflectance 
o£ the ouLpuL color throuqh ink iet output of the ink coroposlcion 
A8 (yollow ink) used in the ink oct c under a D50 light source Was 
60% at a light source wavelength of SOOma, and 80% at a light source 
wavelength of 540nm. 

According to the ink set of the present invention, metamerism 
(the phenomenon in which the colors of a printed article (color 
recorded image) differ according to the light; source used when 
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viewing th« pr1n^P^^ article) is reduced. Moreover, according to 
specific embodlEients or the ink set of rhe present invention, 
printing otability and light fastness are also good. 
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